Improved covariance matrix evolution strategy algorithm for stochastic dynamic unequal area facility layouts in an open area by Ali, Derakhshanasl
IMPROVED COVARIANCE MATRIX EVOLUTION STRATEGY ALGORITHM 







UNIVERSITI TEKNOLOGI MALAYSIA 
  
 IMPROVED COVARIANCE MATRIX EVOLUTION STRATEGY ALGORITHM 




A thesis submitted in fulfilment of the  
requirements for the award of the degree of 
Doctor of Philosophy (Mechanical Engineering) 
 
Faculty of Mechanical Engineering  
Universiti Teknologi Malaysia 
 












Firstly, I wish to express my heartfelt gratefulness to the Almighty Allah 
(S.W.T) for the blessing and strength, which He has given me during the completion 
of this research. 
My sincerest gratitude goes to my main supervisor Associate Prof. Dr. Kuan 
Yew Wong for his continuous support for my PhD study and research, for his 
motivation, advice, patience, enthusiasm and immense knowledge from the beginning 
to the completion of the present research. Without his continued support and interest, 
this thesis would not have been completed. 
I am also indebted to Universiti Teknologi Malaysia (UTM) for financial 
support. Librarians and staff at UTM also deserve special thanks for their useful 
assistance and help throughout this research. Unfortunately, it is not possible to list all 
of them in this limited space. 
I would also like to express my deepest gratitude to my parents for their support 
and encouragement during my life and this research. Without their continued support 
and interest, I will not be at this point. I also wish to express my appreciation to my 
mother-in-law and father-in-law for their support and encouragement. At the end, I 
would like to especially thank my devoted wife, Somayyeh, whose love and patience 







Facility layout problems deal with layout of facilities, machines, cells, or 
departments in a shop floor. This research has formulated unequal area stochastic 
dynamic facility layout problems in an open or wall-less area in order to minimize the 
upper bound of the sum of the material handling costs, and the sum of the shifting costs 
in the whole time planning horizon. In addition, the areas and shapes of departments 
are fixed during the iteration of an algorithm and throughout the time horizon. In 
unequal area stochastic dynamic facility layout problems, there are several periods for 
the material flow among departments or product demand such that the material flow 
among departments or product demand is not stable in each period. In other words, the 
product demand is stochastic with a known expected value and standard deviation in 
each period. In this research, a new mixed integer nonlinear programming 
mathematical model was proposed for solving this type of problems. Particularly, they 
are non-deterministic polynomial-time hard and very complex, and exact methods 
could not solve them within a reasonable computational time. Therefore, meta-
heuristic algorithms and evolution strategies are needed to solve them. In this research, 
a modified covariance matrix adaptation evolution strategy algorithm was developed 
and the results were compared with two improved meta-heuristic algorithms 
(improved particle swarm optimization and modified genetic algorithm). These two 
meta-heuristic algorithms were developed and used to justify the efficiency of the 
proposed evolution strategy algorithm. The proposed algorithms applied four methods, 
which are (1) department swapping method, (2) local search method 1, (3) period 
swapping method, and (4) local search method 2, to prevent local optima and improve 
the quality of solutions for the problems. The proposed algorithms and the proposed 
mathematical model were validated using manual and graphical inspection methods, 
respectively. The trial and error method was applied to set the respective parametric 
values of the proposed algorithms in order to achieve better layouts. A real case and a 
theoretical problem were introduced to test the proposed algorithms. The results 
showed that the proposed covariance matrix adaptation evolution strategy has found 
better solutions in contrast to the proposed particle swarm optimization and genetic 




Masalah susun atur kemudahan adalah berkaitan dengan susun atur 
kemudahan, mesin, sel atau jabatan di lantai pengeluaran. Kajian ini telah 
memformulasikan masalah susun atur kemudahan stokastik dinamik ketidaksamaan 
saiz di kawasan terbuka atau tidak berdinding untuk meminimumkan sempadan atas 
bagi jumlah kos pengendalian bahan, dan jumlah kos peralihan dalam keseluruhan 
tempoh masa perancangan. Di samping itu, saiz dan bentuk jabatan adalah tetap 
semasa lelaran algoritma dan sepanjang tempoh masa. Dalam masalah susun atur 
kemudahan stokastik dinamik ketidaksamaan saiz, terdapat beberapa tempoh masa 
untuk aliran bahan antara jabatan atau permintaan produk di mana aliran bahan antara 
jabatan atau permintaan produk adalah tidak stabil pada setiap tempoh masa. Dalam 
kata lain, permintaan produk adalah stokastik dengan nilai jangkaan dan sisihan piawai 
yang diketahui dalam setiap tempoh masa. Dalam kajian ini, satu model matematik 
baru pengaturcaraan integer campuran tak linear telah dicadangkan untuk 
menyelesaikan jenis masalah ini. Khususnya, masalah ini adalah masa polinomial 
keras tidak ketentuan dan sangat kompleks, dan kaedah tepat tidak dapat 
menyelesaikan masalah ini dalam tempoh masa yang munasabah. Jadi, algoritma 
meta-heuristik dan strategi evolusi diperlukan untuk menyelesaikannya. Dalam kajian 
ini, satu algoritma strategi evolusi adaptasi matrik kovarians yang diubahsuai telah 
dibangunkan dan hasilnya telah dibandingkan dengan dua algoritma meta-heuristik 
yang diperbaiki (iaitu pengoptimuman partikel berkumpulan dan algoritma genetik 
yang diperbaiki). Dua algoritma meta-heuristik ini dibangunkan dan digunakan untuk 
menjustifikasikan kecekapan algoritma strategi evolusi. Algoritma-algoritma yang 
dicadangkan menggunakan empat kaedah iaitu (1) kaedah penukaran jabatan (2) 
kaedah pencarian setempat 1 (3) kaedah penukaran tempoh dan (4) kaedah pencarian 
setempat 2, untuk mengelakkan penyelesaian optima setempat dan memperbaiki 
kualiti penyelesaian bagi masalah ini. Algoritma-algoritma yang dicadangkan telah 
disahkan menggunakan kaedah manual manakala model matematik telah disahkan 
menggunakan kaedah penyemakan graf. Kaedah cuba-cuba telah digunapakai untuk 
menentukan nilai parameter bagi algoritma yang dicadangkan demi mencapai susun 
atur yang lebih baik. Satu kes sebenar dan masalah teoritikal telah diperkenalkan untuk 
menguji algoritma-algoritma yang dicadangkan. Hasil kajian menunjukkan bahawa 
strategi evolusi adaptasi matrik kovarians menghasilkan penyelesaian yang lebih baik 
jika dibandingkan dengan pengoptimuman partikel berkumpulan dan algoritma 
genetik.  
